It is well known that meiotic pairing in interchange heterozygotes leads to the formation of multiple associations in the first division of meiosis.
The multiple associations may be classified into main types of orientation : alternate (disjunctional) and adjacent (non-disjunctional) .
In some organisms, alternate and adjacent orientations occur with equal frequency which, in diploids with one interchange, leads to approximately 50 per cent fertility.
In another example, the alternate type predominates, leading to less reduce or almost complete fertility.
As to the cause of preferential alternate orientation numerous considerations have been proposed (Darlington 1973; Burnham 1956; Swanson 1957; Rickards 1964; John and Lewis 1965) . These have, however, been based only on organisms with the pre-reductional meiotic system and localized centromers.
In the course of our cytological and cytogenetical studies on Luzula elegans (syn. L, purpurea), three different, radiation-induced interchanges were found. When heterozygous, each interchange produces a ring or chain of four chromosomes. Preferential alternate orientation can occur, depending on the lengths of interchange chromosomes.
L. elegans is well known to have n=3 chromosomes of identical size and shape with non-localized centromeres (holokinetic chromosomes) and postreductional meiosis (1. c. Malheiros, Castro, and Camara 1947; Kusanagi 1967b ). These particular cytological features seem to be useful for analysing the unknown mechanism involved in preferential orientation of interchange multiples. The object of this paper is to present some new facts and ideas concerning the mechanism of orientation in interchange complexes.
MATERIALS AND METHODS
The three different interchange heterozygotes of L. elegans used for the present study were obtained by fi0Co-r-ray-irradiation of dormart seeds at three high dosages, 6000, 12000, 24000 R in total dosage (Kusanagi 1967 a) .
The interchange in these heterozygotes took place between two non-homologous chromosomes and among three non-homologous chromosomes.
In the present study, only the former interchange was used for analysis.
The interchange heterozygotes are classified into three types and referred to as follows : type I, with a short interchange chromosome of less than 1/3 the length of normal ones, type II, short interchange chromosome of less than 1/2 and more than 1/3 the length of normal ones, type III, with both interchange chromosomes equal in length to the normal ones ( Fig. 1 ). Each chromosome in these interchange heterozygotes was referred to here as a, b, c and d as shown in Fig . 1 .
All cytological preparations were made by the acetocarmine squash method.
RESULTS
Annualy records of interchanges obtained Interchanges obtained and their fertilites by every annual in three dosages irradiated are shown in Table- 1. High frequency of ring or chain of four was obtained in 24000 R irradiation by every annual.
Ring or chain of six was also obtained rarely. Percentages of alternate segregation in All, of abortive pollen, and of mean seed fertility in the each type in heterozygotes are shown in Table 1 . Description of the Luzula meiotic system This type of meiosis is best known in the present species where only three bivalents are present at meiosis. In normal meiosis, the early stages are somewhat difficult to analyse cytologically, but chiasmata are apparent at diplotene and diakinesis. These chiasmata undergo terminalization, and by metaphase I the homologous chromosomes of each pair are associated only at their terminal ends. The four independent chromatids making up each bivalent are clearly discernible.
In prometaphase I bivalents with one chiasma have the two homologous lying end to end connected by the terminal single chiasma.
At metaphase I all bivalents lie flat on the equatorial plate at right-angles to the spindle axis ( Fig. 2-A) , i, e. the paired chromatids are auto-oriented in a manner reminiscent of mitotic chromosomes.
At anaphase I, two homologous chromatids, one from each of the two homologous, move towards the same pole. During the poleward movement of homologous chromatids, the chiasmata remain unsolved and persist as relic or half-chiasma.
The relic begins to lapse at telophase I, and they are eventually replaced by an active secondary pairing of homologous chromatids during interkinesis. The secondary pairing in this period is an achiasmate association, which is maintained until anaphase II, at both ends to form chromatids dyads.
This pairing mechanism is at present little understood but may be neccessary for orderly segregation at anaphase II. At metaphase II, the chromatid dyads become oriented on the spindle with one chromatid lying at the right of the equatorial plate and the other at its left ( Fig. 2-B ). The two chromatids pass to opposite pole at anaphase II. Thus the second division is reductional for non-crossing over regions.
Since the bivalents are auto-oriented on the spindle, the first division is equational The meiosis of interchange heterozygotes There is no difference in behaviour during the first division among types I, II and III except the frequency of chiasma formation. In interchange complexes, chiasmata undergo terminalization, and by metaphase I four chromosomes in rings or chains are associated only at their terminal ends ( Fig. 3-A'-..'B) . In types I and II, chains of four reveal a tendency to loss of the chiasma between the shortest chromosome b and normal chromosome c. The eight independent chromatids making up rings or chains of four are discernible by prometaphase I. At metaphase I, the rings or chains lie with their long axis at right angles to that of the spindle axis. At the beginning of anaphase I, four homologous chromatids pass to each pole as rings or chains of four chromatids. Since the chromatid ends lead in the poleward migration the chromatids characteristically assume the appearance of U's ( Fig. 3-C) . During interkinesis, the chromatids maintain the association by secondary pairing at both ends to form half-quardrivalent ( Fig. 3-D) . In prometaphase II, the spindle body is formed again. By metaphase II, the distal ends of each chromatid meet in the center of spindle and are grouped together at the same point. Rings or chains of four are no longer seen in second metaphase of the interchange heterozygotes used here. The joining of the distal ends of the four chromatids at the same point and the maintenance of the terminal association of four chromatids may be necessary for regular segregation at anaphase II. In types I and II, the so-called "alternate" or "zig-zag" orientation, which is well known in interchange complexes with monocentric chromosomes, is observed at metaphase II ( Fig. 3-E) . The orientation at metaphase II can be studied by the analysis of the chromosome complements at metaphase of the first pollen grain division ( Fig.  3-F) . This is impossible only in the case of type III because of the identical size of interchange chromosomes and normal ones. The observations on chromosome comple- Table 2 . The relationships among frequency of alternate segregation in anaphase II, percentage of abortive pollen, and percentage of mean seed fertility in three different types of interchange heterozygotes ments in pollen grain mitosis, percentage of abortive pollen, and seed fertility in the three interchange heterozygotes are shown in Table 2 . It can be seen that in types I and II the alternate orientation of four chromatids at metaphase II predominates and leads to almost complete fertility and very low percentage of abortive pollen. On the other hand, percentage of abortive pollen and seed fertility in type II amounts to approximately 50 per cent (Table 2) . It is therefore implied that in type Ifl alternate and adjacent orientations occur with about equal frequency. This must lead to approximately 50 per cent fertility. Similar results were also obtained in heterozygotes obtained from the crossing in heterozygotes.
The possibilities of physiological effects in heterozygotes can therefore be discarded here.
DISCUSSION
In some organisms, alternate orientation occurs at a frequency of about 50 per cent (Anderson, Kramer, and Longly 1955 a, b; Burnham 1956 ) . This frequency is approximated in a number of other species, e, g. in Pisum (Hakanson 1931) , Allium (Levan 1939) , Neurospora (McClintock 1945) , Sorghum (Garber 1948) . In these species, pollen and ovule abortions show about 50 per cent due to approximately 25 per cent of each of the non-viable adjacent 1 and adjacent 2 orientations.
In others, the frequency of alternate orientation is in excess of 50 per cent and in some it may be as high as 90 per cent. These examples generally have high fertility in the population as is reported in Campanula (Gairdner and Darlington 1931) , Beriplaneta (Lewis and John 1957) , and Blaberus (John and Lewis 1959) , or even become fixed in the genetic system as is well know in Oenothera.
Up to date, the factors influencing the orientation of interchange complexes during prometaphase to metaphase have been considered by several authors (Dobzhansky 1933; Glass 1935; Darlington 1937; Ostergren 1951; Rees 1961; Swanson 1957) and discussed frequently in relation to simple rings of four chromosomes (John and Lewis 1965; Lewis and John 1966; Rickard 1964; Sybenga 1967) . Indeed, a number of factors, namely differences in chromosome rigidity, chiasma terminalization or localization, centromere location, relative arm length, and crossing over in interstitial segments or the prolongation of parallel pairing in achiasmate meiotic system have been considered. These factors may alter the basic frequency of 50 per cent adjacent orientation.
In Luzula, chiasma terminalization and centromere location can be discarded from the factors influencing the orientation of interchange complexes because of the postreductional meiotic system and holokinetic chromosome system.
As a particular example, the ring complexes in Oenothera are very interesting in relation to the consideration on the mechanism involved in preferential orientation of interchange complexes.
In Oenothera, a number of distinct cytological features characterize the ring complexes, i. e. (1) the chromosomes are all about the same size, (2) the centromeres all about medium in position, (3) crossing-over and chiasmata are localized only near the ends of the homologous segments and interstitial chiasmata are rarely formed (Cleland 1956) . These cytological features lead to what Cleland calls "the isobracial nature , which means that successive centromeres in the ring circle are equal spaced, and the forces which operate to separate one chromosome from another are equalized, thus favoring regular disjunction."
These facts seem to indicate that the equilibrium of the opposite centromeric forces plays an essential role of the regular orientation and disjunction of chromosomes in a complex.
The equilibrium of opposite centromeric force may be established by two factors.
The first factor is that orientation during prometaphase is achieved by the presence in meiotic bivalents of two independently active centromeres linked together. The linking is usually achieved through the chiasmata in bivalents of meiosis. The second factor is seen in the capacity of each centromere to become influenced by, and oriented to, one spindle pole. In Luzula, the kinetic activity of chromosomes corresponding to the centromeric activity in monocentric chromosomes is proportional to the total chromosome length. In interchange complexes of types I and II, the joint length of chromosome b + d and a+c respectively are completely equal. The opposite cumulative centromeric activity in interchange complexes is equal only in the combination of chromosome a+c and b+ d. Therefore, the opposite centromeric forces at second metaphase are equalized only in the arrangement of alternative orientation (Fig. 4-A) . Thus interchange multiples involving chromosomes of unequal size may be stable oriented only in the alternate configuration.
In interchange complex of type III, however, the opposite centromeric forces are equalized in any case of orientation ( Fig. 4-B 
SUMMARY
Multiples in three different interchanges of Luzula elegans (syn. L. purpurea) with holokinetic chromosomes and post-reductional meiosis revealed the constant preferential orientation at second metaphase.
Alternate orientation was common in interchange multiples contain unequal size interchange chromosomes and led to less reduced or almost complete fertility.
In interchange multiple containing equal size interchange chromosomes, alternate and adjacent orientations occurred with about equal frequency and led to usually approximately 50 per cent fertility. It is suggested that the equilibrate orientation along the equator at second metaphase may be neccessary for orderly segregation at second metaphase.
The equilibrate orientation along the second metaphase equator of interchange multiples containing interchange chromosomes of unequal size is alternate orientation.
On the contrary, the equilibrate orientation in interchange multiples containing interchange chromosomes of equal size is either alternate or adjacent orientation.
It is therefore true that such preferential orientation observed in interchange multiples containing unequal size interchange chromosomes of Luzula depends on (1) identical size and shape of original chromosomes, and on (2) 
